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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a sliding member 
capable of showing slidability equal to that of the one 
contg. Pb in the sliding face contg. no Pb by providing 
the sliding face with an opposite material in the surface 
of a base material with a coating layer contg. Sn, In or 
Ag, and the balance Bi with inevitable impurities. 
SOLUTION: On the sliding face of a base material 
composed by lining a back plate 1 made of steel with a 
Cu-Sn alloy layer 2, preferably, as an intermediate layer, 
an Ni plating layer 2' is formed, and, on the surface, a 
coating layer 3 contg. at least one kind among, by 
weight, 0.1 to 25% Sn, 0.1 to 10% In and 0.5 to 10% Ag, 
and the balance substantial Bi with inevitable impurities 
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is formed. This coating layer 3 is formed, preferably, by subjecting the surface of the base 
material to plating treatment by electroplating, chemical plating, a PVD method or the like, 
and, its thickness is suitably regulated to about 1 .0 to 30 urn. Even though the coating layer 3 
composed of the Bi alloy does not contain Pb, it is excellent in fitness, seizure resistance, 
lubricity and wear resistance and has suitable hardness. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a sliding member capable of showing 
slidability equal to that of the one contg. Pb in the sliding face contg. no Pb 
by providing the sliding face with an opposite material in the surface of a 
base material with a coating layer contg. Sn, In or Ag, and the balance Bi with 
inevitable impurities. 

SOLUTION: On the sliding face of a base material composed by lining a back 
plate 1 made of steel with a Cu-Sn alloy layer 2, preferably, as an 
intermediate layer, an Ni plating laver 2' is formed, and, on the surface, a 
coating layer 3 contg. at least one kind among, by weight, 0.1 to 25% Sn, 0.1 
to 10% In and 0.5 to 10% Ag, and the balance substantial Bi with inevitable 
impurities is formed. This coating layer 3 is formed, preferably, by 
subjecting the surface of the base material to plating treatment by 
electroplating, chemical plating, a PVD method or the like, and, its thickness 
is suitably regulated to about 1.0 to 30 μm. Even though the coating layer 3 
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composed of the Bi alloy does not contain Pb, it is excellent in fitness, 
seizure resistance, lubricity and wear resistance and has suitable hardness. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] It is the slide member characterized by the thing which is chosen from the group which the 
above-mentioned enveloping layer becomes from Sn, In, and Ag in the slide member which consists of a 
base material and an enveloping layer formed in the sliding surface with partner material on the front 
face of this base material, and which a kind is contained at least and the remainder becomes from Bi and 
an unescapable impurity substantially. 

[Claim 2] The amount of Sn contained in said enveloping layer is a slide member according to claim 1 
characterized by being 0. 1 - 25 % of the weight. 

[Claim 3] The amount of In contained in said enveloping layer is a slide member according to claim 1 
characterized by being 0. 1 - 1 0 % of the weight. 

[Claim 4] The amount of Ag contained in said enveloping layer is a slide member according to claim 1 
characterized by being 0.5 - 1 0 % of the weight. 

[Claim 5] Said enveloping layer is a slide member according to claim 1 characterized by being the 
plating coat formed by carrying out plating processing of the front face of said base material. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the slide member which does not contain Pb (lead) in 
detail about a slide member. The slide member of this invention can be used suitable for the plain 
bearing and bush for internal combustion engines. 
[0002] 

[Description of the Prior Art] In connection with the high increase in power of an automobile engine, 
many bearing which lined the kelmet alloy (alloy which uses Cu and Pb as a principal component) 
which has initial concordance nature, and high compression and fatigue strength is used for the back 
plate made from low-carbon steel at the plain bearing used for a crankshaft, a connecting rod, etc. 
[0003] In this bearing, a thin overlay layer is usually formed in a sliding surface with partner material of 
electroplating etc. on a kelmet alloy front face. It is made for the purpose, like this raises concordance 
nature with partner material further, and the alloy which uses elasticity Pb and Sn as a principal 
component is used for an overlay layer. In addition, the corrosion resistance of a kelmet is raised, or 
plating processing of nickel with a thickness of about several micrometers etc. is performed to a kelmet 
front face for the purpose of preventing that Sn in an overlay layer is spread in a kelmet alloy, and an 
overlay layer deteriorates, and forming an overlay layer on this plating layer is also performed. 
[0004] Moreover, many aluminium alloy bearing (reference, such as JP,4-219523,A) which alloyed Sn, 
Pb, etc. by aluminum radical is also used for the above-mentioned plain bearing 
[0005] S 
[Problem(s) to be Solved by the Invention] By the way, it is progressing towards the formation of Pb 
free as a trend of ingredient development in recent years. Slide members of this development trend, such 
as the above-mentioned plain bearing, are not exceptions, either. However, in slide members, such as a 
plain bearing, when satisfying a sliding property, Pb is important. Like a high power engine, since a high 
sliding property is required, especially Pb is important in a heavy load condition part. For this reason, it 
was very difficult to provide a sliding surface with the slide member equipped with sufficient sliding 
property, without containing Pb. 

[0006] Let it be the technical technical problem which should be solved to offer the slide member which 
can demonstrate a sliding property equivalent to what this invention is made in view of the above- 
mentioned actual condition, and does not contain Pb in a sliding surface at least, but moreover contains 
Pb in a sliding surface. 
[0007] 

[Means for Solving the Problem] 

(1) In the slide member which the slide member according to claim 1 which solves the above-mentioned 
technical problem turns into from a base material and the enveloping layer formed in the sliding surface 
with partner material on the front face of this base material, a kind is contained at least and the above- 
mentioned enveloping layer is characterized by the thing which is chosen from the group which consists 
of Sn, In, and Ag and which the remainder becomes from Bi and an unescapable impurity substantially. 
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[0008] (2) A slide member according to claim 2 is characterized by the amount of Sn contained in said 
enveloping layer being 0.1-25 % of the weight in a slide member according to claim 1. 

(3) A slide member according to claim 3 is characterized by the amount of In contained in said 
enveloping layer being 0.1 - 10 % of the weight in a slide member according to claim 1 . 

(4) A slide member according to claim 4 is characterized by the amount of Ag contained in said 
enveloping layer being 0.5-10 % of the weight in a slide member according to claim 1 . 

[0009] (5) A slide member according to claim 5 is characterized by said enveloping layer being the 
plating coat formed by carrying out plating processing of the front face of said base material in a slide 
member according to claim 1 . 
[0010] 

[Embodiment of the Invention] The slide member of this invention consists of a base material and an 
enveloping layer formed in the sliding surface with partner material on the front face of this base 
material. It may not be limited especially as a class of the above-mentioned base material, but can adopt 
suitably according to the member which is going to apply the slide member of this invention from steel 
materials, cast iron, an iron system sintered alloy, an aluminium alloy, a copper alloy, etc., and you may 
be the composite material of these ingredients. However, also as for this base material, it i's desirable not 
to contain Pb. For example, when applying the slide member of this invention to the plain bearing for 
internal combustion engines, the base material which comes to line a Cu-Sn system alloy layer, the base 
material which consists of an aluminum- Sn- Si system alloy layer can be used for a steel back plate. 
[001 1] As for the above-mentioned enveloping layer, it is desirable that it is the plating coat formed by 
carrying out plating processing of the front face of a base material. It is because it will become 
advantageous in respect of adhesion or a film strength if an enveloping layer is a plating coat. As this 
plating processing, the dry type plating by PVD, such as ion plating besides wet plating, such as 
electroplating and chemical plating, and sputtering, is employable. In addition, it is also possible besides 
plating processing to adopt thermal spraying etc. as an approach of forming an enveloping layer in a 
base material. 

[0012] In addition, although a direct enveloping layer may be formed in a base material front face, it is 
desirable to form an interlayer in a base material front face from a viewpoint of raising the junction 
nature of a base material and an enveloping layer and the corrosion resistance of a base material. As this 
interlayer, nickel plating layer, Co plating layer, Zn plating layer, etc. are employable. Moreover, as for 
the thickness of the above-mentioned enveloping layer, it is desirable to be referred to as 1.0-30 
micrometers. If it becomes difficult to demonstrate sufficient sliding property if the thickness of an 
enveloping layer is thinner than 1 .0 micrometers and it is thicker than 30 micrometers on the other hand, 
adhesion will fall and an enveloping layer will become easy to separate from a base material front face. ' 
The thickness of a more desirable enveloping layer is 10-30 micrometers. If the thickness of an 
enveloping layer is set to 10 micrometers or more, it will become advantageous in respect of reservation 
of required concordance nature, and an antifriction life. 

[0013] A kind is contained at least, the remainder does not consist of Bi (bismuth) and an unescapable 
impurity substantially, and, as for the above-mentioned enveloping layer, Pb does not contain [ which is 
chosen from the group which consists of Sn (tin), In (indium), and Ag (silver) ] in this enveloping layer. 
The enveloping layer which consists of this Bi alloy does not have too high hardness, and its 
concordance nature is good, and lubricity is good, and seizing resistance is good and, moreover, 
becomes good [ abrasion resistance ]. 

[0014] Therefore, although the slide member which requires the enveloping layer which consists of the 
above-mentioned Bi alloy for this invention formed in the sliding surface with partner material on the 
surface of the base material does not contain Pb in a sliding surface at least, it becomes good 
[ concordance nature and a seizing-resistant and wear-resistant sliding property ]. Sn contributes to the 
seizing-resistant improvement in Bi alloy here. In the above-mentioned enveloping layer, if the content 
of Sn becomes less than 0.1% of the weight, lubricity will not be enough and the effectiveness of 
seizing-resistant improvement will not be seen. On the other hand, if the content of Sn exceeds 25 % of 
the weight, the alloy melting point will fall and the seizing resistance under an elevated temperature will 
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become inadequate. For this reason, as for the content of Sn in the above-mentioned enveloping layer, it 
is desirable to consider as 0.1 - 25 % of the weight. Moreover, from a viewpoint of seizing resistance ' 
[ improve /, so that there are many Sn contents / seizing resistance ], it is desirable to make the minimum 
of Sn content into 1 % of the weight. On the other hand, the melting point of the main phase falls, so that 
there are many Sn contents, if Sn content exceeds 2 % of the weight, generation of the eutectic phase 
(Bi-43Sn phase) of a low-melt point point will be accepted, and when Sn content exceeds 5 % of the 
weight, there is a possibility that thermal resistance may fall under the effect of this eutectic phase. For 
this reason, from a viewpoint of heat-resistant improvement, as for the upper limit of the content of Sn 
in the above-mentioned enveloping layer, it is desirable to consider as 5 % of the weight, and it is more 
desirable to consider as 2 % of the weight. 

[0015] In has the same effectiveness as Sn, and if it is ineffective to lubricative improvement if the 
content of In becomes less than 0.1% of the weight in the above-mentioned enveloping layer, and it, on 
the other hand, exceeds 1 0 % of the weight, the hardness of an alloy will fall and it will become 
inadequate [ abrasion resistance ]. For this reason, as for the content of In in the above-mentioned 
enveloping layer, it is desirable to consider as 0.1 - 10 % of the weight. Ag contributes to the abrasion 
resistance of Bi alloy, and seizing-resistant improvement. In the above-mentioned enveloping layer, if 
the content of Ag becomes less than 0.5% of the weight, it is ineffective to improvement wear-resistant 
[ of Bi alloy ], and seizing-resistant. On the other hand, ingredient cost becomes high, while the hardness 
of Bi alloy will become high too much and concordance nature will fall, if it exceeds 10 % of the 
weight. For this reason, as for the content of Ag in the above-mentioned enveloping layer, it is desirable 
to consider as 0.5-10 % of the weight. 

[0016] Above Sn, In, and Ag can also make coincidence contain two or more sorts. In this case, as for 
the content of Bi in Bi alloy, it is desirable to secure 75 % of the weight or more from a viewpoint which 
secures the concordance property of Bi radical. Moreover, if the total amount of Sn, In, and Ag which 
are contained in the above-mentioned enveloping layer exceeds 25 % of the weight, the alloy melting 
point will fall and the bearing engine performance under an elevated temperature will fall. On the other 
hand, if the total amount of Sn, In, and Ag becomes less than 2% of the weight, lubricity will not be 
enough and seizing-resistant improvement will not be found. Therefore, as for the total amount of Sn, 
In, and Ag, it is desirable to consider as 2 - 25 % of the weight. 

[0017] Therefore, the slide member of this invention becomes possible [ using suitable for the plain 

bearing and bush for internal combustion engines ]. 

[0018] 

[Example] Hereafter, an example explains this invention concretely. 

The Cu-Sn alloy (Cu:94.5 % of the weight, Sn:5 % of the weight) test piece with a [1st example] steel 
back plate was prepared, and as shown below, the enveloping layer with a thickness of 10-30 
micrometers it is thin from the chemical composition shown in Table 1 was formed in the Cu-Sn alloy 
front face of this test piece by electroplating. 
[0019] 
[Table 1] 
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[0020] (Examples 1-7) The enveloping layer which consists of a Bi-Sn alloy was formed by 
electroplating according to the plating conditions shown in Table 3 using the HOUFUTSU-ized bath 
which consists of a presentation shown in Table 2. In addition, a brightener shows P-sodium 
phenolsulfonate (or aldehyde amine system brightener) among Table 2. 
[0021] 
[Table 2] 
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[0022] 
[Table 3] 
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(Examples 8 and 9) The plating liquid which consists of a HOUFUTSU-ized bath except HOUFUTSU- 
ized tin is used from the presentation shown in Table 2, and they are :20-30 degree C and current 
density: 1 - 5 A/dm2 whenever [ plating solution temperature ]. The enveloping layer which consists of 
Bi was formed by electroplating on conditions. And after performing In plating further on this plating 
coat, the enveloping layer which consists of a Bi-In alloy was formed by processing so that it may 
become the presentation which is made to diffuse In in a plating coat by heat treatment (150-170 degrees 
C, 30 - 60 minutes), and is shown in Table 1 . 

[0023] In addition, In plating uses a sulfamic acid bath and is :20-30 degree C and current density: 1 - 5 
A/dm2 whenever [ plating solution temperature ]. It carried out on conditions. 
(Examples 10 and 1 1) The plating coat which consists of a Bi-Sn alloy was formed by electroplating 
according to the plating conditions shown in Table 3 using the HOUFUTSU-ized bath which consists of 
a presentation shown in Table 2. And after performing In plating further on this plating coat, the 
enveloping layer which consists of a Bi-Sn-In alloy was formed by processing so that it may become the 
presentation which is made to diffuse In in a plating coat by heat treatment (150-170 degrees C, 30 - 60 
minutes), and is shown in Table 1 . 

[0024] In addition, the conditions of In plating are the same as that of the above. (Example 12) The 
plating coat which consists of a Bi-Ag alloy was formed by electroplating according to the plating 
conditions shown in Table 3 using the HOUFUTSU-ized bath which consists of a presentation shown in 
Table 4. And after performing In plating further on this plating coat, the enveloping layer which consists 
of a Bi-In-Ag alloy was formed by processing so that it may become the presentation which is made to 
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diffuse In in a plating coat by heat treatment (150-170 degrees C, 30 - 60 minutes), and is shown in 
Table 1. 

[0025] In addition, the conditions of In plating are the same as that of the above. 

[0026] 

[Table 4] 
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(Example 13) The enveloping layer which consists of a Bi-Sn-Ag alloy was formed by electroplating 
according to the plating conditions shown in Table 3 using the HOUFUTSU-ized bath which consists of 
a presentation shown in Table 2 and 4. 

[0027] (Example 14) The plating coat which consists of a Bi-Sn-Ag alloy was formed by electroplating 
according to the plating conditions shown in Table 3 using the HOUFUTSU-ized bath which consists of 
a presentation shown in Table 2 and 4. And like the above, after performing In plating further on this 
plating coat, the enveloping layer which consists of a Bi-Sn-In-Ag alloy was formed by processing so 
that it may become the presentation which is made to diffuse In in a plating coat by heat treatment, and 
is shown in Table 1 . 

[0028] (Examples 15 and 16) The enveloping layer which consists of a Bi-Ag alloy was formed by 
electroplating according to the plating conditions shown in Table 3 using the HOUFUTSU-ized bath 
which consists of a presentation shown in Table 4. 

(Example 1 of a comparison) The plating liquid which consists of a HOUFUTSU-ized bath is used, and 
they are 20-30 degrees C, current density 2 - 5 A/dm2 whenever [ plating solution temperature ]. By 
carrying out plating processing on conditions, the enveloping layer which consists of a Pb-Sn alloy was 
formed. 

[0029] (Example 2 of a comparison) The plating liquid which consists of a HOUFUTSU-ized bath is 
used, and they are 20-30 degrees C, current density 2 - 5 A/dm2 whenever [ plating solution 
temperature ]. By carrying out plating processing on conditions, the enveloping layer which consists of a 
Pb-Sn-In alloy was formed. 

(Example 3 of a comparison) The plating liquid which consists of a HOUFUTSU-ized bath is used, and 
they are 20-30 degrees C, current density 2 - 5 A/dm2 whenever [ plating solution temperature ]. By 
carrying out plating processing on conditions, the enveloping layer which consists of a Pb-Sn alloy (Pb- 
Sn-Cu alloy) which contains Cu in a minute amount was formed. 

[0030] In addition, the enveloping layer concerning the above-mentioned examples 2 and 3 of a 
comparison is an alloy layer ordinarily used as current overlay. (Example 4 of a comparison) The plating 
liquid which consists of a HOUFUTSU-ized bath is used, and they are 20-30 degrees C, current density 
2 - 5 A/dm2 whenever [ plating solution temperature ]. The enveloping layer which consists of Sn was 
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formed by carrying out plating processing on conditions. 

[0031] In addition, the enveloping layer concerning the above-mentioned example 4 of a comparison is 
an alloy layer used now as an overlay layer of some plain bearings. 

(Example 5 of a comparison) pure by electroplating on the plating conditions shown in Table 3 using the 

HOUFUTSU-ized bath which consists of a presentation except HOUFUTSU-ized tin from the 

presentation shown in Table 2 -- the enveloping layer which consists of Bi was formed. 

[0032] In addition, the enveloping layer concerning the above-mentioned example 5 of a comparison is 

created in order to compare the enveloping layer and the melting point of an example. 

(Evaluation of hardness) The hardness of the enveloping layer of the above-mentioned examples 1-16 

and the examples 1-4 of a comparison was measured with the micro Vickers hardness meter. The result 

is shown in Table 5 and drawing 1 . 

[0033] (Evaluation of a friction wear property) The friction abrasion test was performed about the test 
piece which consists of a pin of phi7 mmxL12mm which formed the enveloping layer of the above- 
mentioned examples 1-16 and the examples 1-4 of a comparison in the sliding surface. The result is 
shown in Table 5 and drawing 2 , and drawing 4 . In addition, the test condition is as follows. 
Testing device : pin-on disk testing-machine sliding velocity : 0.5 m/s load : 9-N lubrication : Non- 
lubrication (inside of the vacuum of 5xlO-2Torr) 

Temperature : room temperature test time : 30 minutes (however, about what there is much abrasion loss 

and it does not have for 30 minutes, it converted as what performed wear for 30 minutes.) 

Partner material : A disk test piece, SUS430 (hardness: Hv [290 ], surface roughness:0.5micromRz) 

(Seizing-resistant evaluation) The printing trial was performed about 30mmx30mm which formed the 

enveloping layer of the above-mentioned examples 1-16 and the examples 1-4 of a comparison in the 

sliding surface, and the test piece which consists of a plate (sliding-surface 30mmx30mm) with a 

thickness of 2mm. The result is shown in Table 5 and drawing 3 . In addition, the test condition is as 

follows. 

[0034] 

Testing device : cylinder x monotonous test piece thrust testing-machine sliding velocity : 2.0 m/s load : 
The step-up increasing method (5kgf / step) 
Lubrication W-:5 30 base oil (oil bath) 

Temperature : it dies in room temperature - and is test time. : It is partner material whole step-up / five 
parts. : A cylinder test piece, carbon steel (S50C, hardness: Hv600, surface roughness:0.8micromRz) 
[0035] 
[Table 5] 
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[0036] Compared with the examples 1-4 of a comparison, hardness is high and examples 1-16 were 
sharply excellent in all abrasion resistance so that clearly from Table 5 and drawing 1 - drawing 4 . 
Compared with the examples 1-4 of a comparison, as for examples 1-16, coefficient of friction had 
become below equivalent. Moreover, in the examples 1-4 of a comparison, it was burned and examples 
1-16 showed the altogether excellent seizing resistance to wearing an enveloping layer out and resulting 
by the low load during a trial, at printing. 

[0037] Especially the examples 12-14 showed the outstanding sliding property by addition with Sn 
which shows lubricity and/or In, and Ag which contributes to abrasion resistance. Therefore, as an 
enveloping layer formed in a sliding surface with partner material on the surface of a slide member, a 
kind of Sn and the In(s) and Ag are contained, and the remainder consists of Bi and an unescapable' 
impurity substantially, namely, it turns out that especially the enveloping layer that consists of a Bi-Sn- 
Ag alloy, a Bi-In-Ag alloy, or a Bi-Sn-In-Ag alloy is desirable. 

[0038] (Evaluation of the melting point) The differential heat curve about examples 1-5 and the example 
5 (pure Bi) of a comparison is shown in drawing 5 . The melting point of the main phase for which it 
asked from the endoergic peak of a differential heat curve is shown in drawing 6 . Drawing 5 (b) 
displays by increasing the sensibility of the axis of ordinate of drawing 5 (a) 3 times. The enveloping 
layer of the above-mentioned examples 1-5 and the examples 2-5 of a comparison was finely shaved off 
by the cutter, the differential-thermal-analysis machine (DTA) performed thermal analysis the condition 
for programming-rate.TO-degree-C/, and the melting point was measured. The result is shown in Table 
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6. 



[0039] 
[Table 6] 
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Although the melting point of pure Bi is about 270 degrees C, if the eutectic phase (Bi-43Sn phase) of a 
low-melt point point (139 degrees C) is made by alloying with Sn, the abrasion resistance in an elevated 
temperature will fall. From the differential heat curve of the pure Bi plating of this examples 1-4 and the 
example 5 of a comparison which are shown in drawing 5 , the content of Sn in an enveloping layer is 
not accepted for an eutectic in less than 1% of the weight of the examples 1 and 2, but the melting point 
is the same as that of the example 5 of a comparison of pure Bi from it. 

[0040] moreover, it is alike, and it follows, and although it falls, Sn content comes out of the fall of the 
melting point only at 2 or less % of the weight, and the fall of the melting point remains in 5 degrees C 
also in the example 4 whose content of the melting point of a main phase of Sn increases and whose Sn 
content is 2 % of the weight. However, in the example 5 whose Sn content is 4.9 % of the weight, the 
melting point of the main phase fell upwards by 10 degrees C, and the ratio of the eutectic phase of a 
low-melt point point is large. 

[0041] Furthermore, although an antiseizure property is a little inferior in 2 or less % of the weight of 

the examples 1-4 compared with an example 5, Sn content is excellent in the point that coefficient of 

friction is a little low, so that it may turn out that examples 1-4 are compared with an example 5. 

Moreover, there is almost no eutectic phase of a low-melt point point, or since it is very few, it excels in 

examples 1 -4 in respect of [ example / 5 ] thermal resistance besides low friction nature. 

[0042] As mentioned above, while suppressing the melting point fall of the main phase, and generation 

of an eutectic phase and raising thermal resistance, in order to attain low friction nature, it turns out that 

especially the thing for which Sn content is made into 2 or less % of the weight is desirable. 

[2nd example] this example applies the slide member of this invention to the plain bearing for internal 

combustion engines. 

[0043] As shown in drawin g! , the base material which lines the Cu-Sn alloy layer (Cu:94.5 % of the 
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weight, Sn:5 % of the weight) 2 with an outer diameter [ of 48mm ] and a thickness of 1 .5mm on the 
steel back plate 1, and bec omes it was p repa red, nickel plating layer 2' with a thickness of 1.5 
micrometers was formed m the front faceof the <Ju-Sn alloy layer 2 of this base material, i.e., a sliding 
surface with partner material. In addition, the plating conditions at this time are :50 degree C and current 
density:6 A/dm2 whenever [ plating liquid:Watts bath and plating solution temperature ]. 
[0044] And the enveloping layer 3 was formed in the front face of this nickel plating layer 2' by the 
same approach as said 1st example, and the plain bearing was produced. Bearing unit testing was 
performed about what applied the enveloping layer of the examples 1-16 shown in the 1st example, and 
the examples 1-4 of a comparison to the enveloping layer 3 of the above-mentioned plain bearing. The 
result is shown in drawing 8 . In addition, the test condition is as follows 
[0045] 

Testing device : static load bearing testing-machine rotational frequency : 5000rpm (peripheral speed: 
12.5 m/s) 

Lubricating oil : the amount of SAE10W-30 oil supply : It is oil supply temperature by 0.11./. : 100- 

degree-C partner material : Carbon steel (S50C, Hv:600, surface roughness:0.8micromRz) 

The examples 1-4 of a comparison and the bearing engine performance more than equivalent were able 

to be demonstrated by forming the enveloping layer concerning this invention in a sliding surface with 

partner material on the surface of a plain bearing so that clearly from drawing 8 . 

[0046] In addition, although the above-mentioned example showed the result at the time of forming an 

enveloping layer by electroplating, also when an enveloping layer was formed by vapor-plating 

methods, such as PVD, it checked that the same result was obtained. 

[0047] 

[Effect of the Invention] As explained in full detail above, although the slide member of this invention 
does not contain Pb in a sliding surface, it can demonstrate a sliding property equivalent to what carries 
out Pb content to a sliding surface. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the bar graph which starts the 1st example and shows the measurement result of the 
hardness of an enveloping layer. 

[Drawing 2] It is the bar graph which starts the 1st example and shows the evaluation result of 
coefficient of friction of an enveloping layer. 

[Drawin gJ] It is the bar graph which starts the 1st example and shows the seizing-resistant evaluation 
result of an enveloping layer. 

[Drawin g^] It is the bar graph which starts the 1st example and shows the wear-resistant evaluation 
result of an enveloping layer. 

[Drawing 5] The 1st example is started, it is the differential heat curve which shows the evaluation result 
of the melting point of an enveloping layer, and drawing (b) increases the sensibility of the axis of 
ordinate of drawing (a) 3 times. 

[Drawing 6] It is the bar graph which shows the melting point of the main phase for which was applied 
to the 1st example and it asked from the endoergic peak of the above-mentioned differential heat curve 
(Drawing 7] the 2nd example - starting - a part of plain bearing - it is a sectional view 
£ Drawin g8] It is the bar graph which starts the 2nd example and shows the seizing-resistant evaluation 
result of an enveloping layer. 
[Description of Notations] 

1 [ - Enveloping layer ] - A steel back plate, 2 - A Cu-Sn alloy layer, 2' - nickel plating layer, 3 
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